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Introduction
The yeast Saccharomyces cerevisiae continues to be an instrumental model system to understand the underpinnings of eukaryotic life. Several methods allow genomewide screening of mutant phenotypes to pinpoint and catalogue genes involved in any cellular function (Weissman et al., 2010) . These methods usually include the ordered arraying or pooled growth of deletion libraries (Giaever et al., 2002) . In the latter case, each deletion strain bears a distinctive DNA "barcode" for subsequent identification. Recent years have witnessed an explosion of research exploiting these tools (Giaever and Nislow, 2014) .
There are, however, limitations to the use of deletion libraries. Indeed, as generating libraries is extremely labor-intensive, the set of independent libraries available remains narrow and is used repeatedly, confining screens to few genetic backgrounds. Because genetic background significantly affects the penetrance and/or expression of genetic traits, this complicates the connection from genotype to phenotype. Moreover, the repeated amplification of deletion libraries is associated with the emergence of genetic adaptations. (Teng et al., 2013) for instance estimated that 56% percent of the strains in a commonly used deletion library bear secondary mutations.
2013; Sanchez et al., 2019; Segal et al., 2018; Uhse et al., 2018; van Opijnen et al., 2009; Zhu et al., 2018) . We have recently developed a protocol dubbed SATAY (for SAturated Transposon Analysis in Yeast), which utilizes a galactoseinducible Ac transposase to mobilize a minimal transposon (miniDs) (Michel et al., 2017) . MiniDs is originally located within, and interrupts, the ADE2 gene (Weil and Kunze, 2000) . Excision of the miniDs element causes the two halves of the ADE2 genes to be ligated by non-homologous end-joining (NHEJ) (Lazarow et al., 2012) , thereby reconstituting an active gene and conferring adenine prototrophy. By inducing transposition on 200-300 +galactose -adenine standard Petri dishes, this protocol generates 1.5-3 millions of transposon mutants, of which ~300,000-500,000 independent transposon insertions are routinely detected. The density of transposon insertions makes it possible to identify regions in which insertions affect growth, either positively or negatively, in any given set of conditions. It also allows a sub-ORF resolution where transposon insertions in different parts of an ORF cause truncation of functional domains, yielding loss-, gain-and separation-of-function alleles (Michel et al., 2017) .
Although this protocol requires no specific infrastructure or equipment, the manpower involved in pouring, plating and harvesting 200 to 300 plates limits the throughput attainable by a single research group.
Here we show that the incorporation of a short "repair template" allowing the reconstitution of ADE2 via accurate homology-directed repair, instead of imprecise NHEJ, increases the efficiency of the protocol by 10-fold.
We also develop a fully "liquid" protocol, which decouples the transposition from the selection of the transposed mutants and bypasses the need for solid medium. We show that these screens can be multiplexed and, as a proof-ofprinciple, we investigate the effect of various well-characterized bioactive and antifungal compounds on the growth of these mutants.
Results and Discussion
Improving the SATAY protocol with DNA repair templates
The original SATAY protocol yields 8-11.10 3 colonies per 8.5-Ø cm Petri dish from ~10 8 cells plated on transposition inducing medium, i.e. a ratio of 1/10,000. Plating and harvesting ~300 Petri dishes is necessary to reach a resolution of one insertion per 10-40 bp. These steps are thus rate limiting in the SATAY approach. Furthermore, background-specific variations in transposition efficiency hinders the amenability of the approach in some laboratory strains. Of particular interest is the W303 background, widely used in studies on DNA repair (Thomas and Rothstein, 1989) , in which systematic deletion/overexpression libraries for high-content screening are not available. Compared to BY4741 (the background in which the SATAY approach was originally established), W303 transposed with a ~10-fold reduced efficiency. Reaching saturation in W303 would thus have required several thousand plates.
This prompted us to investigate the factor(s) limiting transposition efficiency. One obvious candidate was the availability of the transposase, which was ruled out as expressing the transposase from a multicopy 2μ episomal vector did not increase the transposition rate, but instead decreased it by at least 30-fold. We then reasoned that a limiting step could be the repair of the ADE2 gene necessary for the generation of Adenine prototrophic colonies. In the original SATAY protocol, the excision of the miniDs transposon by the transposase must be followed by non-homologous joining of the two free DNA ends to reconstitute a functional ADE2 gene. As observed previously (Lazarow et al., 2012) , this step is error-prone and leaves "scars" of various length at the joining point, which might cause a substantial fraction of the repair events to lead to a non-functional ADE2 gene ( Fig. 1D, left) . Moreover, S. cerevisiae is notoriously inefficient at NHEJ (Boulton and Jackson, 1996) . We thus sought to "help" the repair of the ADE2 gene by incorporating templates for homology-directed repair (HDR) of the excision site into the original construct ( Fig. 1A) . Because HDR crucially depends on the length of homology regions (Hua et al., 1997) , we initially tested three different lengths (50, 100 and 200 bp) in both possible orientations (+ and -). We plated ~ 10 8 cells onto +galactose -adenine medium, according to the original protocol, and monitored the appearance of Ade+ clones. The introduction of a repair template increased transposition efficiency up to 7-fold ( Fig. 1B, C) . By contrast, the orientation of the template had no apparent effect. To assess whether ADE2 repair was happening via HDR rather than NHEJ, we PCR-amplified the "scar" region within ADE2 around the original location of miniDs from several Ade+ clones.
Contrary to the length heterogeneity, typical of NHEJ, observed upon repair without repair template ( Fig. 1D , left), scar regions from plasmids bearing a 200-bp repair template were of homogeneous length ( Fig. 1D, right) , indicating that the repair had taken place by HDR. The increased efficacy with increased template length prompted us to test two additional constructs with 400 and 600 bp repair templates. Because orientation had negligible effects, we pursued only with plasmids in the (+) orientation. The 400-bp template yielded more clones than the 200-bp ones. The 600-bp template did not noticeably improve transposition over the 400-bp one, indicating that the length of the repair template did not influence repair beyond 400-600 bp (Fig. 1B) . We therefore continued with the 600-bp construct. We estimated that the presence of the 600 bp repair template boosted the transposition by ~10-15 fold compared to the previous NHEJ-only design.
With this new protocol we generated two libraries in the common laboratory strains BY4741 and W303.
A liquid SATAY protocol
We wondered whether we could leverage the increased efficacy to simplify the SATAY protocol substantially. In the original protocol, a strain is plated densely on +galactose -adenine plates and allowed to transpose for three weeks. With 8-11·10 3 colonies per plate, ~300 plates were needed to obtain 2-3·10 6 independent clones. This long step was necessary to reach the highest possible number of clones. It was carried out on solid medium to allow late-emerging clones to catch-up with the early emerging ones, and therefore to minimize variability arising from stochastic differences in transposition timing. With the increased efficiency, it became likely that the long waiting step on solid medium was no longer required, and that transposition could happen in liquid culture ( Fig. 2A ). To test this idea, we induced a culture of BY4741-derived yeasts harboring the new construct in -uracil (to select for the plasmid) +galactose medium at an original OD of 0.2, and plated aliquots of the culture at different time points.
After an initial period where the culture grew but the number of Ade+ colonies increased only modestly, the culture entered a saturation phase, during which the number of new Ade+ colonies increased sharply. After two days, a plateau was reached with 6·10 4 Ade+ cells per ml, i.e. 1/1000 of the total (Fig. 2B ). Because more than 80% of Ade+ cells appeared during the saturated phase, they likely arose from independent transposition events. Thus a comprehensive SATAY library of 2-3·10 6 distinct clones could be obtained in two days with as little as 30-50 ml of culture.
We thus set out to reproduce this in larger scale in both BY4741 and W303 backgrounds. After 52 to 66 hours of induction in -uracil +galactose medium, we obtained 1.5-2·10 4 Ade+ cells/ml in the By4741 background (in three independent libraries) and ~20·10 4 Ade+ cells/ml in the W303 background (one library). These numbers were inferred by retrospective counting (see materials and methods). We selected for transposed clones by inoculating a total of 260 ml in 8 L of -adenine +glucose medium for the BY4741 library, and 60 ml in 2 L for W303. We thus seeded 4·10 6 and 13·10 6 independent transposed clones at an initial OD of 0.2 for By4741 and W303, respectively. After ~70 hours, the OD had reached ~1-4. We then harvested the cultures, measured the ratio of Ade+ vs Ade-cells and found it to be 45-70%. We isolated genomic DNA and proceeded with the standard SATAY procedure as previously described (Michel et al., 2017) .
Transposon insertion data for these and previous libraries can be browsed here: http://genome-euro.ucsc.edu/s/benjou/Lsz2Gbt4
Comparison of the BY4741 and W303 backgrounds
We compared the two libraries generated in W303 (solid and liquid protocols) to libraries generated in BY4741 (solid and liquid protocols from this study plus seven previously published libraries, Michel et al., 2017) by plotting the fold-change of the average number of transposons per gene for libraries of each background, against a p-value associated with this difference (volcano plot, Fig.   3A ). Clear differences stood out. First, a set of genes conferring arginine auxotrophy when mutated did not tolerate transposons in the W303 background. This can be explained by the fact that the W303 background bears a mutation in the arginine transporter CAN1, conferring Canavanine resistance to this strain (Thomas and Rothstein, 1989) . As W303 cells are unable to import arginine, they are obligate arginine prototrophs. We found another striking difference in the genes encoding components of the RAM network (TAO3, CBK1, KIC1, SOG2, MOB2 and HYM1. Note that MOB2 scores low due to a large transposon-tolerant domain in all backgrounds) (Fig3A, B, C). This differential requirement for the RAM network in different laboratory strains was noted previously and attributed to a mutation in SSD1 in the W303 background (Jorgensen et al., 2002) , which renders the RAM network dispensable. Finally, we also found genes localized in the subtelomeric regions of the right arm of chromosome XIV, and in proximity of the YBRWTy1-2 repetitive element on chromo-some II, regions that are entirely missing in the W303 background (Matheson et al., 2017) .
Consistent with the fact that the W303 and BY4741 backgrounds are closely related (Matheson et al., 2017) , we found that their genetic requirement for growth were remarkably similar, while expected differences were standing out in our dataset. Therefore, our study lays the proof of principle that such inter-background comparisons, a topic of considerable interest (Hou et al., 2019) , is easily feasible with the SATAY method.
Comparing the Liquid-and Solid-Media Libraries
Comparing the two liquid libraries to the solid ones, we observed that the overall density of transposons per gene correlated well, and that most genes found to be essential by the solid approach were also essential in the liquid protocol. However, several genes that were intolerant to transposon insertions in the solid protocol, appeared unexpectedly studded with transposons in the liquid one. One class encompassed the genes for galactose utilization (GAL1-11, Fig. 4A, B) . This stems from a fundamental difference between the solid and liquid approaches ( Fig. 2A) ; in the solid procedure, strains are induced to transpose on +galactose -adenine plates. They must be able to form colonies on this medium and therefore require the GAL genes . In the liquid protocol, cells transpose in +galactoseuracil medium, but this happens in stationary phase, when the GAL genes are no longer necessary.
More surprisingly, our analysis also revealed genes that encoded bona fide essential proteins ( Fig. 4A, B ). This was particularly clear in the liquid library generated in the W303 background. Striking examples were the components of the SAM complex SAM50 and SAM35. The SAM complex is necessary for the proper insertion of the essential outer mitochondrial membrane protein translocon, Tom40 (Höhr et al., 2015) . Therefore, finding multiple transposon insertions in both SAM35 and SAM50 but none in the TOM40 gene was unintuitive. One other major difference between the liquid and solid library generation is timing; while in the solid protocol, each mutant has to form a micro-colony, which then needs be re-grown in selective medium, the liquid protocol skips the microcolony-forming step and drastically reduces the number of generations from the occurrence of the mutation to the final harvest of the library. Indeed, we could estimate that in the liquid protocol, only 10 (for the W303 library) to 14 (for the BY4741 one) generations elapsed from transposon insertion to harvest. We hypothesized that an essential gene might appear covered in transposons in liquid libraries if its deletion impairs growth with a delay. We tested the hypothesis that sam50Δ mutants could grow for a limited number of generations by creating SAM50/sam50Δ heterozygous diploids, sporulating them, and assessing the ability of sam50Δ spores to form micro-colonies ( Fig. 4C ). After 16h of growth, sam50Δ micro-colonies were indistinguishable from WT, and only later (23h) was the difference in growth apparent. Therefore, the liquid SATAY library generation protocol allows to detect essential genes with a phenotypic delay.
Other essential genes with phen0typic delays were genes involved in the biosynthesis of heme, riboflavin, iron-sulfur clusters, isoleucine and valine, as well as genes encoding components of the EKC/KEOPS and TFIIIC complexes ( Fig. 4A, B) .
While some phenotypically-delayed essential genes (like SIS1, Fig. 4B ) were covered with transposons in both the BY4741 and the W303 liquid libraries, most (like SAM50, Fig. 4B ) were only covered in the W303 liquid library, and many genes (like DOA4, Fig. 4B ) had an intermediate transposon coverage in the BY4741 liquid library. These variations might be due to the different number of generations elapsed in the W303 (~10) and the BY4741 (~14) liquid libraries, and might pinpoint essential genes with phenotypic delays that manifest between 10 and 14 generations.
This is, to our knowledge, the first comprehensive dataset of essential genes with a phenotypic delay. A phenotypic delay might be expected if, for instance, the protein encoded or its product(s) is/are in vast excess over the amounts required for growth. In such case, the effect of a mutation will only be manifest after the factor has been diluted by a sufficient number of cell divisions. In principle, proteins in such excess could be found scattered in any pathway. Instead, our dataset highlights remarkably few well-defined pathways. Moreover, all the genes essential in those pathways exhibit a phenotypic delay. 5
Fig. 4: Comparison of libraries obtained following the liquid and solid protocols. A) Volcano plot comparing numbers of transposon insertions per gene between the liquid W303 library and 10 solid (one W303, and nine BY4741) libraries. Genes with indicated GO annotations are highlighted. B) Genomic maps showing transposon insertion data around interesting genes. C) A SAM50/sam50Δ heterozygous diploid was sporulated and tetrad dissected, and spore were allowed to grow for the indicated time (left and middle panel are microscopy images; right panel is a macroscopic observation).
This finding makes sense for essential protein complexes like SAM, TFIIIC or EKC/KEOPS, where all components are stoichiometrically expressed. It will be very interesting to determine what selective advantage justifies maintaining a select number of protein complexes at an apparently much higher concentration than needed.
Another class of phenotypically-delayed genes encodes near-complete biosynthesis pathways for metabolites (heme, Fe-S clusters, FAD, isoleucine and valine). Here, rather than the enzymes themselves, it is most likely the pathway's end-product that is in large excess and responsible for the phenotypic delay. It is interesting that most of the molecules apparently biosynthesized in excess are redox cofactors. Though all of these cofactors play important roles in the electron transport chain, this is not what makes them essential in the conditions of the screen that use a fermentable carbon source (evidenced by the numerous transposon insertions within other respiratory genes). Fe-S clusters, for instance, are made in mitochondria but are essential components of several DNA metabolism enzymes in the nucleus, for reasons that are still mysterious. While heme and FAD are heavily involved in mitochondrial respiration, both are also essential for ergosterol biosynthesis, heme as part of the lanosterol 14α-demethylase and FAD as part of the Squalene epoxidase (Daum et al., 1998) . Ergosterol biosynthesis is essential and the genes encoding the protein components of both enzymes, ERG11 and ERG1, are devoid of transposons in all conditions. Additionally, FAD is necessary for oxidative protein folding (Tu and Weissman, 2002) . Both cofactors thus appear to be synthesized in large excess over their need in ergosterol biosynthesis and thiol oxidation. The case of isoleucine and valine is intriguing. Although not mitochondrial redox cofactors, their biosynthesis happens within mitochondria and is connected to mitochondrial function. At least two enzymes of the pathway, Ilv5 and Ilv6, are components of the mitochondrial DNA nucleoid and are necessary for the maintenance of the mitochondrial genome. Why valine and isoleucine synthesis is connected to mitochondrial DNA is, to our knowledge, unclear.
Thus, while the timescale does not compare with the almost instantaneous inactivation that can be achieved, for instance, with Auxin-induced degrons (Nishimura et al., 2009 ), our liquid protocol allows assessing the conse-quences of mutations on a short timescale and detecting phenotypic delays at the genome scale. The number of generations can easily be controlled to assess the extent of the delay, which might hint on the fold excess of the protein/ product. The functional significance and the selective advantage of producing protein complexes and cofactors in apparent excess deserves further scrutiny.
Screening for Drug Sensitivity and Resistance
With the new liquid protocol, a single investigator might easily generate dozens of SATAY libraries harboring gain-, loss-, and separation-of-function alleles. Loss-offunction mutations are generated by the disruption of a gene CDS, preventing the making of a functional protein.
Gain-of-functions can be generated by the truncation of inhibitory domains, or by the insertion of a transposon in the gene promoter. This latter phenomenon happens because the transposon bears cryptic promoters (Yu et al., 2004) that can lead to the overexpression of downstream genes, as we have shown for DDI1 (Serbyn et al., 2019) . Separation-of-function alleles can be generated by selective truncation of functional domains, as exemplified by the TORC1 regulator PIB2 (Michel et al., 2017) . To assess the potential of our new protocol for generating such alleles, we created a liquid W303 library and challenged it with a compendium of 9 bioactive and antifungal drugs at sublethal concentrations. These drugs included inhibitors of lipid biosynthesis, glycosylation and cell wall biogenesis. After generation and re-growth of a transposon library containing an estimated 57 million independent clones, the library was split and grown for two successive rounds from OD=0.1 to saturation in the presence of compounds at an inhibitory concentration of 30% (IC 30 ). This concentration allows identifying transposon insertions that confer either resistance or sensitivity to the compound (Hoepfner et al., 2014) . Genomic DNA preparation was performed as previously described. All libraries were barcoded during amplification and simultaneously sequenced on a NextSeq platform.
The results of these screens are found in Supplementary Fig. 1 and 2 and supplementary dataset, and can be browsed here: http://genome-euro.ucsc.edu/s/benjou/ 2019compounds_r57ift.
Because we expected gain-of-functions to appear by transposon insertions in gene promoters (Serbyn et al., 2019) , we not only analyzed the number of transposons and sequencing reads within CDS but also in promoter regions. Since there are no definitive ways to define promoter regions, we performed three analyses on (1) 200-bp upstream of the transcription start site as characterized by (Xu et al., 2009 ) ( Supplementary Fig. 3 One straightforward way to cause resistance to an inhibitor of protein X is to overexpress protein X. Indeed, for the three compounds with characterized direct targets -Cerulenin, Fenpropimorph and Tunicamycin -, the promoters in which transposon insertions led to most resistance were precisely those of the direct targets of the drugs, i.e. FAS1 and ACC1 for Cerulenin (note that the unusually long 5'UTR of FAS1 causes it to be missed when the promoter is defined relative to the ATG), ERG24 and ERG2 for Fenpropimorph, and ALG7 for Tunicamycin ( Fig. 5 , top panel, Supplementary Fig. 3-5 ). Therefore, these screening conditions are ideally suited to discover direct targets of antifungal compounds.
Another way for a strain to become resistant to a drug is to overexpress a drug exporter. Indeed, we see numerous positively selected transposon insertions in the promoter of the multidrug efflux pump Pdr5 in libraries treated with Cerulenin, Fluconazole, Soraphen A and, to a lesser extent Sordarin treated, and FLR1 in Cerulenin-treated libraries (Fig. 5 , middle panel, Supplementary Fig. 3-5 ).
It is worth noting that while in several instances, positive selection for insertions in the promoter region correlated with negative selection for insertions in the gene CDS (e.g. PDR5 in Cerulenin, Fluconazole and Soraphen A, Fig. 5 , middle panel), this was not always the case, indicating that a gain-and a loss-of function did not necessarily yield opposite phenotypes. The case of FLR1 is particularly interesting as loss of FLR1 confers sensitivity to Chlorothalonil, while its overexpression likely confers resistance to Cerulenin (Fig. 5 ). This latter result suggests that Flr1 might be able to efficiently pump Cerulenin out of the cell. However, transposons in FLR1 CDS are neither positively nor negatively selected in Cerulenin, suggesting that FLR1 loss does not affect sensitivity to Cerulenin. A reasonable explanation for this conundrum is that FLR1 might be poorly expressed in Cerulenin-treated conditions, in which case a loss-of-function might be of little consequence, while a gain-of-function in the form of a transcriptional boost might be highly beneficial. Indeed, FLR1 is under the control of Yap1 (Oskouian and Saba, 1999) , a redox-sensitive transcription factor. Yap1 is normally found in the cytoplasm. Oxidative stress causes oxidation and inactivation of a nuclear export sequence situated at the Cterminus of the protein, leading to nuclear import of the transcription factor and FLR1 transcription induction (Gulshan et al., 2005; Kuge et al., 1997) . We find that in the Cerulenin-treated library, insertions truncating the C-terminus, thus yielding a constitutively-active Yap1, are positively selected for, consistent with the idea that boosting FLR1 expression is beneficial to respond to cerulenin (Fig.
5, lower right panel). Such transcriptional boost might not be needed in Chlorothalonil-treated cells, as
Chlorothalonil wastes the pool of reduced gluthatione, hence creating oxidative conditions that likely cause oxidation of Yap1-nuclear export signal (Tillman et al., 1973) . In support of this model, although Yap1 gain-of-function truncation does not confer any advantage in Chlorothalonil, loss-of-function mutations are lethal. A similar phenomenon was observed previously when we caused a synthetic growth defect between a WSS1 deletion and an Auxin-induced degradation of Tdp1, indicating that Flr1 might pump out Auxin as well (Serbyn et al., 2019) .
Thus, our data suggest that while FLR1 is active and required for survival in Chlorothalonil, it is inactive in
Cerulenin. Yet, a transcriptional boost, either by gain-offunction of Yap1 or direct mutation of FLR1 promoter, is beneficial to survive exposure to a drug that Yap1 doesn't normally respond to. Therefore, the evolutionary selection that keeps FLR1 silent in non-stressed conditions might come with a cost; the inability to respond to drugs, like Cerulenin, that Yap1 cannot sense.
When we examine transposon insertions within CDSs, we can identify genes for which loss-of-function causes sensitivity or resistance to compounds. As seen previously, counting the number of transposons (Supplementary Fig. 1 ) and reads ( Supplementary Fig. 2 Together these data show that SATAY is a valuable approach to identify (1) the direct targets of antifungal drugs, (2) the pumps responsible for drug excretion and whether these are active during drug treatment, and (3) mechanisms potentially leading to resistance.
Conclusion
Our updated SATAY protocols allow the rapid and high throughput screening of loss-, gain-and separationof-function mutations in yeast, and remove the burden of pouring, plating and harvesting hundreds of plates per screen. Transposon insertion sequencing is emerging as a method of choice to interrogate the genome of a growing number of micro-organisms. While S. cerevisiae has proven to be an outstanding tool for cell biology and biotechnology, deletion libraries are only available in select genetic backgrounds. We show that SATAY can be performed in different backgrounds and any condition with minimal manpower and material requirement. The vast scope of information that can be deducted from such screens is un-folding and we only present a cursory analysis of the dataset that we have generated. It is to be expected that with increasing number of screens, more sophisticated analysis tools, including machine-learning, will be highly successful to extract meaningful biological information from these data.
Materials and Methods
Plasmids and yeast strains: Variants of the pBK257 plasmid with repair templates of various lengths and orientations were generated by PCR amplification of fragments of the ADE2 gene (using primers #1 to #15, see table 1). The repair template was cloned by gap-repair in yeast after linearization of pBK257 with KpnI. Yeast deletions were generated by PCR-mediated gene deletion using primers listed in table 1 using the Longtine and Janke toolboxes (Janke et al., 2004; Longtine et al., 1998) .
Libraries generation: yeast strains were transformed with pBK549. Individual clones were streaked on SC -URA and SC -ADE plates. Typically three to six clones that produced either no or just a few colonies on SD -ADE were used further. The SC -URA plates were used to inoculate a pre-culture in SC -URA + 2%Raffinose +0.2% Glucose at an OD of 0.2, then grown for 16hours to saturation. plates. Cells were harvested after 15-21 days and processed as described previously (Michel et al. 2017) .
For liquid libraries, saturated pre-cultures were diluted to OD 0.2 in SC -URA + 2%Galactose medium and grown for 51-57 hours. Saturated induced cultures were then diluted into SC -ADE + 2%Glucose and grown for 70h to OD ~2. Cells were harvested and processed for DNA extraction and sequencing. 200microl of the galactose induced culture or dilutions of it were plated at t 0 , t 20 and at the end of induction on SC, SC -URA and SC -ADE plates. Platings at t 0 served to estimate the back- This study ground of ADE+ clones due to spontaneous recombination of pBK549 (typically 0.01% in By4741 background and 0.007% in W303 background). Platings at t 20 were counted at the end of the induction to guide the re-inoculation following transposition. The number of ADE+ cells at t 20 typically corresponds to ~10% of the number of ADE+ cells at the end of induction. DNA extraction and preparation: DNA was extracted from 0.5 g yeast pellets as described previously (Michel et al., 2017) , and processed by restriction digestion, circularization and PCR amplification. Barcodes were introduced in the PCR product by the use of primer #20 in combination with either of primers #21 to #56. Library chaaracteristics are described in Table 4 .
Compound treatments: the following compounds were resuspended in DMSO as a 1000x stock. A freshly induced liquid yeast tranposon library was diluted to OD 0.2 into SC -ADE + 2%Glucose and grown to OD 1. It was then diluted to OD 0.1 in 500 ml of the same medium, with the following compound concentrations: Cerulenin, 0.11 mg/l; Chlorothalonil, 0.086 mg/l; Eupolauridine, 4.18 mg/l; Fenpropimorph, 1.7 mg/l; Fluazinam, 0.047 mg/l; Fluconazole, 5.68 mg/l; Soraphen A, 0.048 mg/ml; Sordarin, 0.085 mg/ml, Tunicamycin, 0.22 mg/ml. Cultures were grown to saturation and re-diluted in 500 ml for a repeated treatment with or without compound from OD 0. 
